Two thermopairs of this type were implanted, one in the cortex and the other in the medulla, being cautious to insert both the heater as well as the recording ends in each one of these regions.
The changes in blood flow were expressed as a percentage of the initial flow. The difference between the thermocouple voltage output produced by the initial level of the flow and the voltage acquired when the flow was momentarily stopped by clamping the perfusion system, was considered as 100 per cent. The locations of the thermocouples were verified macroscopically immediately after each experiment and histologically by hematoxylineosine staining afterwards. The total renal blood flow was measured by a rotameter connected in series to the renal artery.
The perfusion and venous pressures were measured by transducers (Statham P23 AC and P23 DC) connected in parallel to the renal artery and vein re spectively. The urinary flow was measured by a drop counting system (Wheatstone bridge).
RESULTS
In the present communication we chose those kidneys which showed a blood flow over 1.8 ml/g/min during the whole experiment when perfused with a pressure of 100 mm Hg.
Changes in the regional flow produced by sudden increase in the perfusion pressure.
The sudden increase in the perfusion pressure, from 100 mm Hg of initial perfusion level to 180 mm Hg, produced an increase of the total renal blood flow (FIG. 3) . In this particular case, an increase of 80 per cent in the per fusion pressure produced only a 30 per cent increment in total flow. The local cortical and medullary flow also increased as a result of the abrupt increment in the perfusion pressure.
The increase in the cortical flow showed three different phases.
a) an initial increase in flow which reached its peak simultaneously with the maximal value of total flow. b) The flow started to decrease without reaching the control level. This decrease was more evident approximately 10 to 20 seconds after the perfusion pressure was elevated. c) The third phase consisted of a further increase in flow which lasted as long as the perfusion pressure was kept high (FIG. 3) .
The double-humped cortical response appeared only when the initial per fusion pressure level was above 70 mm Hg and less than 160 mm Hg. If the initial perfusion pressure was not within these values the cortex responded with a monophasic increase.
The pressure gradient necessary for evoking a double-humped response varied between 30 to 80 mm Hg. In contrast to the cortical response, the medullary flow always responded with an increase when the perfusion pressure was abruptly raised. This increase was relatively greater than the increase in both the total renal and Note that the cortical flow showed two humps in contrast to the medullary flow that only was increased.
The total renal blood flow increased (30 per cent) although the increment in the perfusion pressure was of larger magnitude A, perfusion pressure; B, the total renal blood flow; C, the medullary flow ; D, the cortical flow and E, urine drops.
I, before and II after KCN (4 mM/l added to the perfusing blood). Note that the cortical flow changed from the twohumped form in I to a monophasic response parallel to the perfusion pressure in II . The urinary flow after KCN increased (9-10 folds) in comparison to the control value (I-E).
The sudden increase in the perfusion pressure also increased abruptly the urinary. the total renal blood flow increased (20 to 50 per cent).
The urinary flow increased substantially (8 to 12 times) and in addition, the urine output be came continuous (FIG. 4-II) .
In the KCN poisoned preparation, the sudden increase in the perfusion pressure produced increments in the medullary, the cortical and the total renal blood flows. It is important to mention that the cortical double-humped response, described above, was transformed into a monophasic pattern, parallel to the changes in the perfusion pressure (FIG. 4-II) . During the in creased perfusion pressure there was a considerable increment in the urinary flow (lowest trace in FIG. 4-II) . When the perfusion pressure was lowered to the control level the total renal flow, the cortical and the medullary flow decreased slightly below the control values.
The urinary flow returned slowly to the control level (FIG.
4-II).
Renal blood flow changes produced by acetylcholine injections. Acetylcholine injected into the renal artery produced different responses depending upon the doses. An increment in total renal blood flow and in the cortical and medullary flows was evoked by low doses of acetylcholine glomerulus is the site of autoregulation in the rat kidney. In order to explain the considerable difference between cortical and medullary flows during the sudden increase in the perfusion pressure we can mention the data reported by KRAMER et al. (1960) . They suggested that the medullary vessels were not participating in the kidney autoregulation. Our results are in agreement with those of Kramer, since the medullary flow increased proportionally to the perfusion pressure when it was raised. There is however, another possible explanation for this phenomenon. Considering the afferent arteriole to the glomerulus as the main site of the autoregulation of flow and the fact that the medullary blood flow did not react in a doublehumped manner, one can assume that in this condition the medullary blood flow supply comes from another source in addition to the efferent blood vessels of the juxtamedullary glomeruli, such as the arteria rectae verae (CHRISTENSEN, 1952), Ludwig's arteriole and the spiral vessels (BAKER, 1959). These vessels could play a role in the diversion of blood above discussed.
On the other hand, arterio-venous anastomoses have been described between the spiral arteries and the sinusoides (BARRIE et al. 1950 ), the latter draining into the interlobar veins. These arterio-venous shunts may accelerate the blood flow running through the medulla.
In our experiments the total renal blood flow pattern did not resemble that of cortical flow (FIG. 3) . There are some data showing that the cortical blood flow amounts between 80% (THORNBURN et al., 1963) and 90% (REUBT, 1958) . Although in our experiences it was difficult to measure the absolute value of the blood flow through either the cortex or the medulla, it is important to mention that the transient halfway back in the cortical flow represents only a 10% of the cortical flow (FIG. 3) . In other experiments, the above mentioned transient halfway back in the cortical flow was of smaller magnitude; the average of 24 experiments being 3.5%. The fact that the medullary flow increased relatively more than the increase in both the total renal and cortical blood flows, might suggest a diversion of cortical blood to the medullary circuit that additionally would contribute to mask the cortical double-humped phenomenon in the total renal flow trace (FIGS. 3 and 4-I). The main advantage of heated thermocouple is the possibility to measure local changes in blood flow . There are, however, some problems inherent to the thermocouples, namely the spatial distribution of the heat generated by the heated element. This point is crucial since the changes in flow were measured modifications in temperature of the object under investigation.
We will consider some of the parameter involved in this problem. where T is the corresponding temperature distribution, T1 is the temperature of the heated filament of radius r1, T2 is the temperature at the limit considered by the radius r2 and r is the distance at any interval between r1 and r2. This formula of temperature distribution (INGARD and KRAUSHAAR, 1961) assumes the homogeneity of the material and that the heat transfer coefficient in the heated filament-tissue system remained constant. In our thermocouple-kidney system only the last condition is fulfilled at least for the control values.
The heat transfer coefficient is a function of the liquid circulating around the thermojunction, therefore, the changes in the voltage output of the thermojunction reflect changes in the heat transfer coefficient of the kidney.
The difference in the thermocouple output, due to the circulating blood was referred by GRAYSON (1951) as "conductivity increment". It seems to us a more appropriate term "changes in the heat transfer coefficient", since according to the above mentioned considerations we have shown that at the boundary of our thermocouple-tissue system the heat flowed to the tissue was characterized by a coefficient named heat transfer coefficient.
On the other hand, GRAYSON (1952) also suggested that the difference in thermal conductivity, between living animal tissue and the same tissue after the death of the animal, was due to the circulating blood. This difference was called "conductivity increment" and quantitatively it was a linear function of the rate of flow. Furthermore, he attempted to correlate the total flow with the "conductivity increment" and calculate the factor that correlates the increase in flow with the rise in the "conductivity increment" according to the volume of the organ. This relationship was named "correlation factor" and multiplying this factor by the value of the "conductivity increment" he obtained the total blood flow. This was true for the spleen or the liver but he could not determine the correlation factor for the kidney.
GRAYSON himself pointed out that this correlation factor is based on the assumption of homogeneity of flow through the whole organ but his assumption has not been confirmed in the kidney.
The other problem is that the "conductivity increment" recorded by an electrode is only applied to a small volume of tissue and it may or may not be the representative of the whole organ. at 3 mm the temperature increment was negligible. GRAYSON determined the thermal conductivity in the rat liver, when the thermocouples were surrounded by a ring of 1.5 to 3.0 mm of the tissue. In these conditions he obtained similar values to those just mentioned for the gelatin and the liver, and concluded that the practical limits are less than 3 mm for the gelatin in 10%. In our test in agar (4%) the radius was smaller than that of GRAYSON'S. According to the general equation of heat conduction, if the radius is greater, the heat loss will be greater, too. It seems reasonable, therefore, that the electrode used by us records only the temperature changes of the tissues within a radius of 1.0 mm. Since the thickness of cortex of the dog kidney weighing 60 g is about 8 mm, one can conclude that the changes recorded in the present experiments, correspond to the cortical and medullary tissues, respectively, in which the thermocouples were located. In the cases in which records from the medulla and the cortex were practically similar, it was found by histological examination of the kidney that the thermocouple inserted into the medulla was near a vessel irrigating the cortex. It is known that the total mass of the electrode placed in the kidney plays a key role in the sensitivity and in the time taken to establish an equilibrium, since the total caloric energy necessary to heat-up the heater elements is a function of the heater filament mass. For this reason we have considered the use of light and small electrodes (2 to 2.5 mg/in weight) to be indispensable.
